US006336899B1
a2 United States Patent (10) Patent No.: US 6,336,899 Bl
Yamazaki 45) Date of Patent: Jan. 8, 2002
(54) ULTRASONIC DIAGNOSIS APPARATUS 6,126,600 A * 10/2000 Oxaal et al. ................ 600/439
(75) Inventor: Nobuo Yamazaki, Otawara (JP) FOREIGN FATENT DOCUMENTS
| o | | IP 7-8497 1/1995
(73) Assignee: Kabushiki Kaisha Toshiba, Kawasaki P 11-164833 6/1999
JP
JE) * cited by examiner
(*) Notice: Subject to any disclaimer, the term of this

Primary Fxaminer—Brian L. Casler
Assistant Examiner—Al1 M. Imam

(74) Attorney, Agent, or Firm—Oblon, Spivak, McClelland,
Maier & Neustadt, P.C.

(57) ABSTRACT

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

(21) Appl. No.: 09/390,300

(22) Filed: Sep. 3, 1999
An ultrasonic diagnosis apparatus which includes a plurality

(30) roreign Application Priority Data of ultrasonic transducers arranged two-dimensionally. In the
Oct. 14, 1998 (IP) wevooeeiiiieeeeeeeeeeeee e 10-292619  ultrasonic diagnosis apparatus, the ultrasonic beams are
May 21, 1999  (JP) .ooooiiiiiiiiiieee e, 11-142102 transmitted by the ultrasonic transducers for three-

- dimensionally scanning a target of the object, and then,

(51) Inte CL7 oo AG1B 8/00; A61B 8/14 U U Sigmlf o o the ltraconie

(52) US.CL ..o 600/443; 600/461; 128/916 transducers. On the basis of the ultrasonic echo signals,

(58) Field of Search ............................. 600/437, 461, three-dimensional data with respect to at least one of struc-

600/439, 463, 425, 464, 562, 466, 462, ture mnformation and blood flow information 1n the object are
471, 443, 447, 128/916 generated in real time. Then, on the basis of the three-

_ dimensional data, image information including at least one
(56) Reterences Cited of a two-dimensional tomographic 1mage and a three-
US PATENT DOCUMENTS dimensional projection image of an arbitrary cross section
within the object 1s generated 1n real time. On the basis of
5,131,397 A : 71992 Crowley ......ocooenenene, 600/462  the image information, navigation information for navigat-
2,000,185 A 8/1997 Schmulewitz et al. ...... 600/562 ing a puncture needle toward the target of the object is
5,851,183 A * 12/1998 Bucholz ..................... 600/425 disolaved
6,019,725 A * 2/2000 Vesely et al. .oovn...... 600/447 prayet.
6,048,312 A * 4/2000 Ishrak et al. ................ 600/443
6,066,096 A * 5/2000 Smith et al. ................ 600/439 30 Claims, 25 Drawing Sheets
fa
N N
1 12 13 18 !
| . S [ 14 19
' /My
r-~l 2D ARRAY L—L '-'-[ BF 1 | ECHO || |
| LPROBE T | | []__PROCESSOR }""‘ TJHOST CPU 3
! }“ | | BF 2 + = S J__J "J )
- l-r- Z DOPPIER | Py ]
1 < PROCESSOR DISPLAY
)i} ) - fa_ L e “12a — 16 oniT ||
L EXCITER { O | * L—{an PROCESSOR 120
P . I ®
—-—{TRANSMITTER 120 i
l 30 SCAN CONTROLLER /
e | _ | || APPLICAT/ ON
LA N + BFn P PROCESSOR
. ~ | AJ
100 / 10 -
DB I ,
i ——
2:SYSTEM MAIN BODY 11c:PREAMP
J:MONITOR 12:BEAM FORMER
11:PULSER/PREAMP UNIT 13:BUS
11a:TRANSMITTING/RECEIVING SWITCH 18:BUS
11

a
b:TRANSMITTER



US 6,336,399 B1

Sheet 1 of 25

Jan. 8, 2002

U.S. Patent

1 D13

d3LLINSNVYL-Gll
_

|
SNYg.-81 HOLIMS ONIAIZIIY/ONILLINSNYYL Bl
SNg-tl LINN dRY3¥d/43STNd- L1
d3N404 Wvdd-¢1 OLINOW-E
divVddd-J L1 AQ09 NIVN WJLSAS:-¢
_||1|I|
| 80 oo
_ 4055304 —

N~

NOTLVD11ddY

_.
A
~

O¢ 40SSIF0Ud 8

(o
Ll
—
(-
>
LL]

11NN

AV1dSId

405530044
d31dd0d

Gl

408532044

dJ 1SOH
| IsNE.

8044 | |
VYUY Q2

_

bl pl
Bl ¢l




U.S. Patent Jan. 8, 2002 Sheet 2 of 25 US 6,336,899 B1

OB

1.:2D ARRAY PROBE

100: PARACENTETIC NEEDLE
101 :PARACENTETIC ADAPTER

FI1G. 2




U.S. Patent

Jan. 8, 2002 Sheet 3 of 25

SET POSITION COORDINATES OF
3 TRANSDUCERS LOCATED AT

DIFFERENT POSITIONS WITHIN
2D ARRAY PROBE

E1(x1, y1, 0)
E2(x2, y2, 0)
E3(xs, y3, 0)

MEASURE SIGNAL ARRIVAL

TIME FROM TRANSMITTERS
LOCATED AT TIP P(x,y, z)
OF NEEDLE

t1 (P—E1)
t2 (P—E2)
t3(P—Ej3)

DETERMINE POSITION COORDINATES
P(x, ¥, z) AT TIP OF NEEDLE BY
SOLVING SIMULTANEOUS EQUATION

(x—x1)§ +(y—y1)§ tz =(ct1)§
(x=x2), +(y-y2), +z =(cta),
(x=x3) +(y-y3) +z =(ct3)
(c:SOUND SPEED IN
LIVING BODY)

F1G 3

US 6,336,899 B1

S1

S12

S13



U.S. Patent Jan. 8, 2002 Sheet 4 of 25 US 6,336,899 B1

0
X
Z
100
4 P(XfYtZ)
P - t
TRANSMISS | ON ¥
E;
RECE |V ING Lz
.
RECEIVING

E3
RECEIVING




U.S. Patent Jan. 8, 2002 Sheet 5 of 25 US 6,336,899 B1

START

SET POSITION COORDINATES
OF NORMAL LINE (Z AX!S)

VERTICAL WITH RESPECT TO

VIBRATION SURFACE

(XY SURFACE) OF 2D ARRAY S2]
PROBE AT EPIDERMAL INSERTION

POINT Po OF NEEDLE

INPUT POSITION
COORDINATES P S99
OF TIP OF NEEDLE

DETERMINE TOMOGRAPHIC
LAYER PASSING THROUGH

STRAIGHT LINE CONNECTING 523

POINTS Po THROUGH P AND
L AX1S

RETURN

FIG. 5



U.S. Patent Jan. 8, 2002 Sheet 6 of 25 US 6,336,899 B1

100

EPIDERMAL INSERTION POINT Po

Z
\—’P TOMOGRAPHIC LAYER CS

i
(NEEDLE IS INSERTED IN

Y A BENT STATE)

Y

X

INSERTION POINT Po

™~ SURFACE OF TRANSDUCER 1a
CS TIP OF NEEDLE P

FIG. 6B  PLaNE viEw sEen A v ()

1\ 1 10
v X li j’ II;ISERTION POINT
——= X — 0
L
Z

TIP OF NEEDLE P
CS—_

PLANE VIEW SEEN B IN (a) PLANE VIEW SEEN C IN (a)

FIG. 6C FI1G. 6D




U.S. Patent Jan. 8, 2002 Sheet 7 of 25 US 6,336,899 B1

PARENCHYMA
OF ORGANS /
[ M1
o\
/ \\
/
/ /
/7
3
TA(PARACENTISIS TARGET (TUMOR)) MAIN BLOOD VESSELS
J:MONITOR

100:PARACENTETIC NEEDLE
IM1:2D TOMOGRAPHIC IMAGE

FIG 7



U.S. Patent Jan. 8, 2002 Sheet 8 of 25 US 6,336,899 B1

100 4

-
—
e

P3(Xp3,Yp3, Zps )

P2(Xp2,Yp2,2p2)

Pi(Xp1, Ye1, Zp1)

F1G. 8A

. t
P2 t
1 t
N
L |
I |




U.S. Patent Jan. 8, 2002 Sheet 9 of 25 US 6,336,899 B1

e

100 ‘II.‘>
E
BE )
C
B
A

FIG 9A

ROM NEEDLE
CROSS SECTION ECHO S'GTAL ]

(TOMOGRAPHIC LAYER)

S

INFER THAT NEEDLE EXISTS
ON CROSS SECTION C WHERE
C t = |STRENGTH OF ECHO SIGNAL
FROM NEEDLE BECOMES THE

lHIGHEST

D ——t

E ———A4—— = ¢

FI1G. 9B




U.S. Patent Jan. 8, 2002 Sheet 10 of 25 US 6,336,899 B1

100

BE

AMPLITUDEI
A

[_______ﬁ.._ ,_lizx_“_________ fd
AMPL I TUDE DOPPLER DEVIATION FREQUENCY
B
AMPL | TUDE Zégzzéx INFER THAT NEEDLE
=~ fd | DOPPER SIGNAL FROM
NEEDLE BECOMES THE

EXISTS ON SECTION
LARGEST

‘C WHERE POWER OF

AMPL I TUDE

e
S

FI1G. 10B



U.S. Patent Jan. 8, 2002 Sheet 11 of 25 US 6,336,899 B1

FI1G 11



U.S. Patent Jan. 8, 2002 Sheet 12 of 25 US 6,336,899 B1

B—>
EPIDERMAL INSERTION
/—'y C POINT Po OF NEEDLE
X \ -
> ENTER OF
GRAVITY M CS

OF TRANSDUCER

FIG. 12A

FIG. 12B  piane view seen rrow 4 in ()

1 l

10
X Po
S Ir—w =
| 10 PO A/"’
Z Z EAN
100 /100
p {
P
CS
CS
PLANE VIEW SEEN FROM B IN (a) PLANE VIEW SEEN FROM C IN (a)

FI1G. 12C FIG. 12D



U.S. Patent Jan. 8, 2002 Sheet 13 of 25 US 6,336,899 B1

1a

I =Y 100

=

-
X = Po

“ TRAVEL TRACK OF NEEDLE

\SURFACE INCLUDING
RECURSION STRAIGHT LINE L2

PLANE VIEW SEEN FROM A IN (a)

FIG 13B

PLANE VIEW SEEN FROM B IN (a) PLANE VIEW SEEN FROM C IN (a)

FIG 13C FIG. 13D




U.S. Patent Jan. 8, 2002 Sheet 14 of 25 US 6,336,899 B1

N

E:”

1d
I
q g 'L 100
- c i, EPIDERMAL INSERT]ON
/l Y ! " POINT Po OF NEEDLE
X
! CENTER OF
GRAVITY M G
OF TRANSDUCER
FA
T ~Y la

FIG. 14B  riane view seen rrow A IN (a)

CS
PLANE VIEW SEEN FROM B IN (a) PLANE VIEW SEEN FROM C IN (a)

FI1G. 14C FI1G. 14D



U.S. Patent Jan. 8, 2002

Sheet 15 of 25

PARACENTISIS TARGET (TUMOR) TA

US 6,336,399 B1

PARACENTETIC NEEDLE 100
/

| | AV i
VEL
TOMOGRAPHIC | DIRECT | ON |
LAYER CS | ‘ :
l
I

iy sk s

!

|

I

I
I I
| |
| |
I |
| |
! !
1 I
| l
| I
| I
| |
| I
| |
|

!
l
l
I
| RE
: YE +
I I%H’
i
e 4"
7 -
7/
FORWARD
DIRECTION [—— DRk RED
|
BRIGHT RED
CENTER OF ¢ O — | | = TELLOW
| . WHITE
| - LIGHT BLUE
| “ BRIGHT BLUE
BACKWARD

DIRECT | ON . DARK BLUE

OF CS

F1G. 15B

YE:YELLOW
WH:WHITE
LB:LIGHT BLUE
BL :BLUE

RE: RED



U.S. Patent Jan. 8, 2002 Sheet 16 of 25 US 6,336,899 B1

L 100 /\

3D PROJECTION IMAGE
OBSERVED IN THIS
DIRECTION 1S DISPLAYED

FIG. 16



U.S. Patent Jan. 8, 2002 Sheet 17 of 25 US 6,336,899 B1

l
l
BLOOD o
VESSELS / T —=

\
\
\
\
T

N\
N

N
l
|
|
|
|
|
|
|
|
|
|
|
|
-

IM1

RESPECT TO TRAVEL DIRECTION

(CROSS SECTION VERTICAL WITH )
OF NEEDLE

TA

\

FIG. 17B



U.S. Patent Jan. 8, 2002 Sheet 18 of 25 US 6,336,899 B1

FI1G. 18A

100




U.S. Patent Jan. 8, 2002 Sheet 19 of 25 US 6,336,899 B1

M

100

CROSS SECTION VERTICAL WITH
RESPECT TO PARACENTISIS

TARGET (TUMOR)

y IM3
BLOOD VE - —— -~ — ==

c—— — ——
|

|

|

|

l

|

|

|

|

|

|

k-~ — — — —




U.S. Patent Jan. 8, 2002 Sheet 20 of 25 US 6,336,899 B1




U.S. Patent Jan. 8, 2002 Sheet 21 of 25 US 6,336,899 B1

( MONITOR SCREEN )




US 6,336,399 B1

Sheet 22 of 25

Jan. 8, 2002

U.S. Patent

m‘ —
|
|
“
| I

¢¢ Jl4

N3340S 143171 40 NI 43AV]
JIHdVIIONOL 01 INIANOdS3Hd09
NOTLVOOT INIMOHS O dINIVN

\‘
\\

d

2
|
|
|
|
_
|
|
_
_

Iild‘

/

/
/

|

_

!

|

| 7
Yo

ENT FOVNI D 1HdVHEI0N0L

s:

( N3342S HOLINOW )

NI3HIS LHIIY 40 EWI d3AVI
J1HJVYIOWNOL 01 INIANOdS3Yd0d
NOILVI0T ONIMOHS 9 dIXUVA

NOI11J03d1d
1JAVYL

ONITMOHS V dIMIVN

NI 39VWNI JIHdVYIONOL



U.S. Patent Jan. 8, 2002 Sheet 23 of 25 US 6,336,899 B1

TRANSDUCER P

IM2
VIEW SHOWING o
PROBE OBSERVED T T T T
FROM JUST ABOVE o7 4 /l
I s
|

_--—-.hI
AEe— e ey,

e

A\ MARKER E SHOWING POS|TON
y OF ARRANGMENT OF TRANSDUCER

|
|
|
| 1 '
; | |
I |
l
|
|

101 ® — L ____
/ 1 | /,/
P |
PARACENTETIC ADAPTER MARKER D SHOWING INSERTION
POINT INTO LIVING BODY 4
| l/
V.o V7
I,M2
| 101
/ - - = T A
/”: =
e '
TITIC / d '
108080 d e I
T St Bt 4 |
T | | |
1T | l
T | l | |
| |
E | | | '
| : |
| |
| /I “““““ - - - _7’!
| / | d
[:)‘ﬁ“1h % | f’jf
I /'/ I d d
v _ 7

FIG 24C




U.S. Patent

FI1G. 25A

MARKER E SHOWING POSIT!ON
OF ARRANGMENT OF TRANSDUCER

FI1G. 258

(

Jan. 8, 2002

Sheet 24 of 25

US 6,336,399 B1

INSTRUMENT 101a ATTACHED ON INSERTION PART OF

PARACENTETIC NEEDLE INTO LIVING BODY

\\(ROTATED WITH HAND BY OPERATOR)

101

d

/

/
_INSERTION POINT OF |
, "NEEDLE INTO LIVING

BODY

WHEN 101a 1S ROTATED IMAGE

WS — e e e

MARKER F SHOWING DIRECTION
OF IMAGE fFIXED)

AND MARKER E IS ROTATED

bl - I__I.I_I

/
/

/
e

/

|/

—— ¥

)



U.S. Patent Jan. 8, 2002 Sheet 25 of 25 US 6,336,899 B1

IM1

IM3_ | TIP OF NEEDLE ‘

100
//
/
| 52 \
TA ) )\ _l-_.-200
F\r"/ \\f
’ \N l CROSS SECTION VERTICAL WITH
RESPECT TO PARACENTISIS
TARGET (TUMOR)

IM2
A /!
________ A
T g
i // :
/
d |
/

d é l

IM3

BLOOD VESSELS
< L7

— —— —
————
o l— A — S —— —




US 6,336,899 Bl

1
ULTRASONIC DIAGNOSIS APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to an ultrasonic diagnosis
apparatus, which 1s capable of scanning ultrasonic beams 1n
three-dimensional configuration 1n real time and displaying
a three-dimensional 1mage thereof, and more particularly, to
an apparatus for navigating a paracentetic needle toward a
target such as lesion or the like in a object while watching
an ultrasonic image.

In the biopsy of the liver in the clinical application,
namely the biopsy for diagnosing the property of the paren-
chyma of hepar, the biopsy for diagnosing the property of
the tumor or the like, or a treatment method of liver cancer
in the treatment application, namely a method for forcing
hepatoma cells to necrose by pouring ethanol into the
hepatoma, a diagnosis and a treatment are generally per-
formed by inserting a paracentetic needle 1nto the 1nside of
the body of the patent (hereinafter referred to as
paracentisis).

In this paracentsis, conventionally various kinds of para-
centisis methods have been imnvented, and have been applied
to the diagnosis and the treatment. Except for the case in
which the paracentetic needle may be penetrated into the
body 1n a blind manner, it often happens that the paracentisis
1s performed together with a monitoring method 1n which a
paracentetic target such as lesion or the like 1s confirmed
while an 1mage such as X-ray photofluorograph 1image or the
like 1s observed 1n real time. Particularly, 1n recent years, in
order to further heighten the safety and reliability of the
treatment, diagnotic treatment skill (hereinafter referred to
as the ultrasonic paracentisis) has become a major method in
which the paracentetic needle 1s guided by using ultrasonic
images 1n the place of X ray fluorograms.

This ultrasonic paracentisis 1s a paracentisis using 1mages
in which both the paracentetic target and the paracentetic
needle are drawn out on the same tomographic layer of a real
fime ultrasonic 1mage so that the treatment 1s performed
while watching the travel of the paracentetic needle. For
example, 1 the case of the abdomen, major blood vessels
inside and outside of the liver and peripheral organs can be
casily drawn out together with dilated bile ducts and gall
bladders as ultrasonic tomographic 1mages. As a
consequence, there 1s provided an advantage i1n that a
selective paracentisis can be performed in which the para-
centetic target can be arbitrarily selected and the paracen-
tetic needle can be penetrated thereinto with the result that
the scope of the clinical application and the treatment
application 1s widened. For example, 1n the application of
the ultrasonic paracentisis in liver diseases, a reliable para-
centisis of the tumor can be performed with respect to a
localized lesion. Besides, a route for paracentisis can be
selected while deviating around gall bladders and the lungs
with the result that there 1s provided an advantage 1n that the
paracentisis will contribute toward the reduction 1n compli-

cations such as choleperitoneum, hemopneumothrax or the

like.

As an ultrasonic device which 1s used in such ultrasonic
paracentisis, a mechanical scanning type or an electronic
scanning type real-time devices are adopted. In these real-
fime devices, a sector or a convex probe or the like 1s used
which allows the attachment of a linear probe exclusively
used for paracentisis as an ultrasonic probe and a paracen-
tetic adapter for guiding the paracentetic needle 1n a definite
direction. Particularly, in recent years, the electronic scan-
ning type device becomes prevalent, and an electronic linear
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2

probe or an electronic sector probe 1s used 1n many cases
along with the usage of the real-time devices.

With all the advantages of safety and a high reliability as
compared with X ray flurograph or the like, the ultrasonic
beams device which 1s used in the conventional ultrasonic
paracentisis has a problem in that since the paracentetic
needle 1s elastic, the direction of the needle tip 1s sometimes
deviated from the guide direction. In such a case, since the
Up of the paracentetic needle disappears from the inside of
the two-dimensional tomographic 1mage which 1s displayed
in real time, the position of the tip of the needle must be
scarched while allowing the ultrasonic probe to be operated.
As a consequence, there arises a problem that an operation
of trading the position of the tip of the needle and correcting
the 1nsertion direction of the needle which is directed toward
the paracentetic target such as the lesion or the like while
observing the two-dimensional tomographic image becomes
difficult 1n may cases with the result that a considerable
amount of training 1s required for such an operation.

SUMMARY OF THE INVENTION

Accordingly, it 1s an object of the present invention to
provide an ultrasonic diagnosis apparatus for easily and
reliably guide the paracentetic needle at the time of using the
ultrasonic paracentisis.

The 1nventors of the present invention studied i1n detail
more safe and accurate paracentetic needle guiding means
with respect to the paracentisis method which 1s combined
with the ultrasonic diagnosis apparatus, and they noted a
method for navigating a paracentetic needle toward a para-
centetic target while confirming the position of the paracen-
tetic needle on a three-dimensional image by combining the
paracentisis method with an ultrasonic beams device which
1s capable of scanning ultrasonic beams in a three-
dimensional manner 1n real time and displaying the three-
dimensional image (3D image).

The method for navigating the paracentetic needle using,
this 3D 1mage 1s constituted centering on the following four
points: 1) a method for displaying a tomographic image (a
method for displaying a tomographic 1image which 1s appro-
priate for recognizing a position relation between a direction
in which the tip of the needle 1s directed and a lesion which
is selected as a paracentetic target), 2) a method for detecting
the position of the needle and a track of the movement of the
needle, 3) a three-dimensional display method (a display
method 1n which the direction 1n which the tip of the needle
is directed is seen from just above), and 4) a method for
recognizing a 3D 1mage, the position of the object and the
direction relation thereof. Concrete examples of the afore-
mentioned methods will be explained hereinbelow.

1) Method for Displaying Tomographic Image

Even in the case where the tip of the needle 1s deviated
from a guide direction of a paracentetic adapter and 1n the
case where the needle 1s penetrated without a guide for
paracentisis, this method for displaying the tomographic
image enables 1a) displaying a location of the tip of the
needle constantly within the tomographic image and dis-
playing a location (region) toward which the tip of the
needle 1s directed, 1b) visibly recognizing whether or not the
tip of the needle or the whole needle 1s located 1n front of or
at the rear surface of the tomographic layer or how much the
tip of the needle or the whole needle 1s deviated from the
tomographic layer without changing a tomographic by layer
which 1s set at first, namely, by an 1image 1n which a lesion
constituting a paracentetic target 1s caught.

For example, as the tomographic layer 1a), there is
available 1a-1) a surface (into which a straight line enters)
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which contacts a straight line connecting a tip point of the

needle and a insertion point of the needle into the living

body, and, at the same time, a surface which 1s vertical with
respect to a surface of a transducer of a ultrasonic probe,
1a-2) a surface which passes through a tip of a needle, an

insertion point of the needle into the living body, and a

reference point (for example, a central point of a surface of

a transducer), 1a-3) a surface (into which a straight line

enters) which contacts a line obtained by a straight line

recursion by sampling the tip of the needle, and at the same
fime, a surface which 1s vertical with respect to the surface
of the transducer, and 1a-4) a surface which passes through

a reference point (for example, a central point of the

transducer) by sampling the tip of the needle and allowing

the line obtained in the straight line recursion to serve as one
side.

Besides, the aforementioned method 1b) enables 1bH-1)
displaying each part of the needle by changing the color
thereof on the image 1n the case where the position of the
needle exists in front of the tomographic layer on which the
position 1s displayed and in the case where the position of
the needle 1s present at the rear surface of the tomographic
layer (for example, the color of the needle is set to red in the
case where the needle 1s present 1n front of the tomographic
layer while the color 1s set to blue 1n the case where the
needle 1s present at the rear surface of the tomographic layer
so that the colors are overlapped on a white and black 1mage
on which the needle 1s displayed thereby displaying only the
white and black 1image only when the needle coincides with
the tomographic layer), and 1b-2) displaying how much the
needle 1s separated from the tomographic layer by changing
the hue.

2) Method for detecting and Tracing the Position of the
Needle and the Track of the Movement of the Needle
In this detection method, 2a) a signal generation source 1s

attached on the tip of the needle so that a signal which 1s
ogenerated from this generation source 1s received with three
or more devices (such as a ultrasonic beams transducer or
the like), and the three-dimensional position of the tip of the
needle 1s 1inferred on the basis of the time difference of the
received signal, 2b) a plurality of signal generation sources
are attached on different positions of the needle 1n addition
to the tip of the needle so that the three-dimensional position
of the whole needle 1s inferred on the basis of the signal
generated from this plurality of generation sources, 2¢) a
condition under which a strength of an echo signal from the
needle becomes the highest 1s searched by exciting ultra-
sonic beams 1n the vicinity of a location where the needle 1s
placed so that the position of the needle 1s inferred on the
basis of the condition, 2d) a condition under which a
strength (power) of a Doppler signal becomes the highest is
scarched by allowing the needle to vibrate minutely and
exciting ultrasonic beams in the vicinity a location where the
needle 1s placed so that the position of the needle 1s inferred
on the basis of the condition, and 2¢) a track of the
movement of the needle tip 1s traced by means of a signal
processing or an image processing (for example, a cross
correlation method).

3) Three-dimensional Display Method
This three-dimensional display method provides a display

of a three-dimensional projection 1mage as seen from just

above 1n which the direction 1n which the tip of the needle
is directed; for example, 3a) a 3D projection image of the
blood vessels 1s shown plus a 3D projection 1mage of the
needle plus a B mode tomographic image of a lesion which
is selected as a target, 3b) the 3D projection image of the
blood vessels 1s shown plus a 3D projection 1mage of the
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needle plus a B mode 3D image (boundary surface) of a
lesion which is selected as a target, and 3¢) the 3D projection
image of the blood vessels 1s shown plus the 3D projection
image ol he needle plus the B mode 3D 1mage of a lesion
which 1s selected as a target plus the B mode tomographic
image of the tip part of the needle.

4) Method for Recognizing 3D Image, the Position of the

Living body and the Direction Relation Thereof

In this recognition method, 4a) parts of the paracentetic
needle contain a mark indicative of a direction, for example,
a cross-shaped member 1s attached on a tip part on the side
of the insertion operation of the paracentetic needle to
display a marker which enables correlating the position
relation with the marker, 4b) a marker is displayed which
enables recognizing where the tomographic image in the
aforementioned 1) i1s sectioned on the three-dimensional
image in the aforementioned 3).

The ultrasonic diagnosis apparatus according to the
present 1nvention has been completed on the basis of the
aforementioned 1dea, and 1s characterized by comprising:

data obtaining means having a plurality of ultrasonic
transducers arranged 1n a two-dimensional
conilguration, the means obtaining an echo signal of an
ultrasonic beams while allowing beams of the ultra-
sonic beams transmitted from each of the ultrasonic
beams transducers to be scanned 1n a object;

means for analyzing 1n real time three-dimensional data
with respect to at least one of geometry information and
blood flow information 1n the aforementioned object on
the basis of the echo signal of the ultrasonic beams
obtained by the data obtaining means;

means for generating in real time an 1mage including at
least one of a two-dimensional tomographic image and
a three-dimensional projection 1image of an arbitrary
cross section within the aforementioned object on the
basis of the three-dimensional data analyzed by the data
analyzing means; and

means for displaying navigation information for navigat-
ing a medical 1nsert toward a target within the afore-
mentioned object on the basis of the image information
generated by the ultrasonic image generating means.
The aforementioned medical insert 1s, for example, a
paracentetic needle which 1s inserted into the body
from the epidermal part of the aforementioned object.
Preferably, according to the present invention, the afore-
mentioned navigation means 1s characterized by comprising
tracing means for detecting a movement position at each
moment of the paracentetic needle mserted into the afore-
mentioned object thereby tracing a track of the movement of
the paracentetic needle, and image display control means for
controlling in real time an 1mage display condition so that
the travel state of the paracentetic needle toward a target
within the aforementioned object can be constantly recog-
nized in the aforementioned 1mage.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawing which are incorporated 1n and
constitute a part of this specification, 1llustrate embodiments
of the present invention and, together with the description,
serve to explain the principles of the present invention; in
which:

FIG. 1 1s a block view showing an outline structure of an
ultrasonic diagnosis apparatus according to the invention,
the view explaining an embodiment of the ultrasonic diag-
nosis apparatus according to the present invention;

FIG. 2 1s a perspective view for explaining a concept of
a three-dimensional volume scan and the paracentisis;
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FIG. 3 1s an outline flowchart showing a tracing process-
ing by means of an application processor;

FIGS. 4A and 4B are views for explaining a processing,
for tracing a tip of the paracentetic needle using a transmit-
ter: FIG. 4A 1s a view for explaining the concept thereof, and
FIG. 4B 1s an outline timing chart for explaining a difference
in signal arrival times;

FIG. 5 1s an outline flowchart showing a 3D 1mage display
control processing of an application processor;

FIGS. 6A to 6D are views for explaining a method for
setting a cross section of a two-dimensional tomographic
image;

FIG. 7 1s an outline view for explaining an example of a
monitor display of the two-dimensional tomographic 1image;

FIGS. 8A to 8B are views for explaining a processing for
tracing the whole needle using a plurality of transmitters:
FIG. 8A 1s an outline view showing a plurality of transmis-
sion positions, and FIG. 8B 1s an outline timing chart for
explaining a difference 1n the signal arrival times from a
plurality of transmission positions;

FIGS. 9A and 9B are a view for explaining a processing
for inferring the position of the needle on the basis of the
strength of the echo signal: FIG. 9A 1s an outline view
showing a plurality of cross sections within a three-
dimensional volume scan, and FIG. 9B 1s an outline timing
chart showing the strength of the echo signal for each of the
plurality of tomographic images;

FIGS. 10A and 10B are a view for explaining a processing
for inferring the position of the needle on the basis of the
power of a Doppler signal: FIG. 10A 1s an outline view
showing a plurality of cross sections within the three-
dimensional volume scan, and FIG. 10B 1s an outline timing
chart showing the power of the Doppler signal for each of
the plurality of cross sections;

FIG. 11 1s an outline view for explaining a processing for
tracing the track of the needle tip using a cross correlation
method;

FIGS. 12A to 12D are views for explaining a method for
setting a cross section of a surface including a center of
ogravity of a surface of the transducer;

FIGS. 13A to 13D are views for explaining a method for
setting a cross section of a surface including a recursion
straight line of a travel track of the paracentetic needle;

FIGS. 14A to 14D are views for explaining a method for
setting a cross section of a surface including the center of the
oravity on the surface of the transducer and the recursion
straight line of the travel track of the paracentetic needle;

FIGS. 15A and 15B are views for explaining a display
example 1n which the position of the paracentetic needle
with respect to the cross section position of the two-
dimensional tomographic layer can be visibly recognized;

FIG. 16 1s a concept view for explaining a display
example of a three-dimensional projection image;

FIGS. 17A and 17B are outline views for explaining a
display example of the tomographic image in the three-
dimensional projection 1mage;

FIGS. 18A and 18B are outline views for explaining in

which the cross section of the tomographic 1mage within the
three-dimensional projection 1image 1s arbitrarily selected;

FIGS. 19A to 19B are outline views for explaining the
setting of the cross section of the tomographic image which
passes through a target and a display example thereof;

FIGS. 20A to 20D are outline views for explaining the
setting of a cross section which passes through the position
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of the tip of the needle which changes at each moment and
a display example thereof;

FIG. 21 1s an outline view for explaining a display
example of the three-dimensional projection 1image which
covers blood vessels, the target (tumor) and the paracentetic
needle;

FIG. 22 1s an outline view for explaining a display
example on which a two-dimensional tomographic image
and a three-dimensional projection image are arranged on
the same screen;

FIG. 23 1s an outline view showing a display example of
cach kind of marker in the two-dimensional tomographic
image and the three-dimensional projection 1image;

FIGS. 24A to 24D are outline views showing a display
example of the marker, the view showing an arrangement

position of a needle 1nsertion point and a transducer.

FIG. 25A and 25B are concept views showing a display
example of a marker in which the position relation and a
direction of 1mages as seen from the epidermis of a object
can be recognized; and

FIGS. 26A and 26B are concept views for explaining a
display example of a marker showing a travel direction of
the tip of the needle.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of an ultrasonic diagnosis apparatus
according to the present invention will be explained by
referring to the drawings.

The ultrasonic diagnosis apparatus shown in FIGS. 1 and
2 1s 1ntended to execute the paracentisis method by using a
paracentetic needle device DB having a paracentetic needle
100 and a paracentetic adapter 101 for guiding the paracen-
tetic needle 100. The needle 100 can be inserted from an
epidermal part of a object OB 1nto a lesion such as tumor
inside the body or the like selected as a target TA 1 a
progressive and a regressive direction The ultrasonic diag-
nosis apparatus 1s provided with a two-dimensional array
probe (ultrasonic probe) 1 on which the paracentetic adapter
101 1s attached 1n a detachable manner and fixed, a system
main body 2 to which this probe 1 i1s connected, and a
monitor thereof 3.

Here, at a tip part of the paracentetic needle 100 which
corresponds to a puncture needle of the present invention, a
transmitter (signal generator) 4 constituting part of the
fracing means of the present mnvention is provided so that a
signal from this transmitter 4 can be received with the
two-dimensional array probe 1. Furthermore, as another
example of the tracing means according to the present
invention, an exciter 5 which gives a minute vibration to the
paracentetic needle 100 1n an 1nserted state 1s attached on the
paracentetic adapter 101 so that the two-dimensional array
probe 1 can receive an echo signal which 1s atfected by a
Doppler effect of the paracentetic needle 100 which 1is
vibrated with this exciter 3.

The two-dimensional array probe 1 1s constituted, for
example, with an arrangement of a plurality of ultrasonic
transducers in two-dimensional configuration. Each of the
ultrasonic transducers 1s driven with the system main body
2 under the predetermined three-dimensional scanning con-
dition with the result that, as shown 1n FIG. 2, ultrasonic
beams BE are scanned in three-dimensional configuration
with respect to the target TA 1nside the object OB from the
surface of the transducer (transducer arrangement surface)
la, namely, the ultrasonic beams are scanned in three-
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dimensional configuration, thereby converting the echo sig-
nal of the ultrasonic beams into an echo signal of having a
feeble voltage amount, detecting the echo signal, and send-
ing the echo signal 1nto the system main body 2.

The system main body 2 includes a three-dimensional
scan controller 10 for controlling the three volume scan by
means of the two-dimensional array probe 1 and a pulser/
preamplifier unit (a transmitting/receiving change-over
switch 11a, a transmitter 115, and a preamplifier 11c¢) 11
which constitutes a ultrasonic transmitting and receiving,
system which electronically drives the two-dimensional
array probe 1 under the control of this controller 10. The
pulser/ preamplifier unit 11 generates a drive pulse with the
transmitter 115 on the basis of the drive condition for
three-dimensional scanning which 1s preset with the three-
dimensional scan controller 10 with the result that this pulse
1s sent to the two-dimensional array probe 1 via the
fransmitting/receiving change-over switch 11a, and, at the
same time, the echo signal which 1s received with this probe
1 1s received with the preamplifier 11c¢ via the transmitting/
receiving change-over switch 11a.

Then, the system main body 2 1s provided with a unit 12
comprising a plurality (n) of beam formers (BF1 . ... BFn)
12a . . . 12n for phasing addition on the side of the output
of the aforementioned preamplifier 11c, and a group of
processors connected via a bus 13 on the side of the output
of this unit 12, namely an echo processor 14 for analyzing
3D data with respect to a B mode 1mage which enables
grasping geometries such as organs inside of the object and
the running of the blood vessels or the like from information
on an acoustic impedance 1n the echo signal, a Doppler
processor 15 for obtaining 3D data with respect to informa-
tion on the blood flow rate or the like of the object from the
frequency analysis by extracting a Doppler signal from the
echo signal, a 3D processor 16 for constructing a 3D 1mage
(which includes at least one of the two-dimensional tomo-
ographic 1mage and the three-dimensional projection 1image
of an arbitrary cross section) on the basis of these items of
3D data, an application processor (an essential part of the
navigating means of the present invention) 17 for controlling
an 1mage processing for the navigation support of the
paracentetic needle 100, a host CPU 19 for the whole control
connected to the group of processors via the bus 18 for
controlling the whole system, and a display unit 20 which is
concerned with the image display. A monitor 3 1s connected
to an output side of the display unit 20.

Here, an overall operation will be explained centering on

a processing by the application processor 17 on the basis of
FIGS. 3 to 7.

In the beginning, at the time of starting the device, a drive
pulse from the transmitter 115 1s sent to the two-dimensional
array probe 1 under the control of the three-dimensional
scan controller 10 inside of the system main body 2 via the
fransmission/receiving change-over switch 11 a so that the
ultrasonic beams BE from each of the ultrasonic beams
transducers are scanned 1n the three-dimensional configura-
fion 1n a region which covers the target TA inside of the

object OB.

Next, the echo signal of the ultrasonic beams 1s converted
into a feeble voltage echo signal with the two-dimensional
array probe 1 to be detected so that the echo signal 1s
amplified with the preamplifier via the transmaitting/
receiving change-over switch 11a so that the phasing addi-
tion 18 carried out with the beam former unit 12, and at least
one of the 3D data 1s analyzed; under the control of the host
CPU 19, either the B mode 1mage 1s analyzed with the echo
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processor 14 or information on the blood flow 1s analyzed
with the Doppler processor 15. Then, the 3D i1mage 1s
prepared on the basis of the 3D data with the 3D processor
16, and 1s displayed on the monitor 3 via the display unit 20.

The ultrasonic paracentisis by the operator 1s iitiated
while this monitor 3 1s being observed. At the time of
starting the paracentsis, the paracentetic needle 100 1is
inserted toward the target TA inside of the body from the
epidermal part of the object OB via the paracentetic adapter
101. While this paracentetic needle 100 1s inserted into the
object OB, the signal which 1s transmitted at a predeter-
mined timing from the transmitter 4 attached on the tip
position of the paracentetic needle 100 1s recerved with the
two-dimensional array probe 1, and, at the same time, an
algorithm for the navigation support 1s executed 1n real time
with the application processor 17. This algorithm includes a
processing for tracing the paracentetic needle 100 constitut-
ing an essential part of the tracing means of the present
invention (refer to FIGS. 3 and 4) and a display control
processing (refer to FIGS. 5§ through 7) of the 3D image
constituting an essential part of the image display control
means of the present invention.

In the beginning, with the application processor 17,
processings at the steps S11 to S13 shown 1n FIG. 3 are
executed. In other words, at the step S11, the position
coordinates E1 (x1, y1, 0), E2(x2, y2, 0), and E3(x3, y3, 0)
in three transducers located at different positions within the
two-dimensional array probe 1 are initialized. (In this case,
the surface of the transducer 1a corresponds to xy surface).
The position relation between the three transducers E1, E2
and E3 1s shown 1n a concept view of FIG. 4A.

Next, at the step S12, the signal arrival times t1, t2 and t3
from the transmitter 4 located at the tip position P (X, y, z)
of the paracentetic needle 101 up to the three transducers El,
E2 and E3 are measured. These signal arrival times t1, t2 and
t3 are different by reflecting the difference in positions of
cach of the transducers E1, E2 and E3. The state 1s shown
in a timing chart of FIG. 4B.

Next, at the step S12, the signal arrival times t1, t2 and t3
from the transmitter 4 located at the tip position P (X, y, z)
of the paracentetic needle 100 up to the three transducers El,
E2 and E3 are measured. These signal arrival times t1, t2 and
t3 are different by reflecting the difference 1n positions of
cach of the transducers E1, E2 and E3. The state 1s shown
in a timing chart of FIG. 4B.

Next, unknown numbers X, y and z, namely, the tip
positions P(x, y, z) are determined by solving, at the
step SI 3, a simultaneous equation established between
a

(x—x1)*+(y-y1)*+z2=(ctl)”
(x—x2)*+(y-y2)*+22=(ct2)”
(x-x3)*+(y-y3)*+22=(ct3)”

sound speed ¢ within a living body, each of the signal arrival
times tl1, t2 and t3 having a time difference, fixed numbers
x1 to x3, y1 to y3, z1 to z3 of the position coordinates of the
probe transducer, the unknown numbers x, v and z of the
position coordinates of the tip position P of the paracentetic
needle 100. The simultaneous equation 1s given below.

In this manner, the processings at the steps S11 through
S13 are executed in a repeated manner for determining P(X,
y, z) with the result that the movement position of the
paracentetic needle 100 can be constantly detected and
traced.
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Along with this, with the application processor 17, the 3D
image display control processing at the steps S21 through
S23 shown 1n FIG. 5 are executed. In other words, at the step
S21, the epidermal insertion point PO of the paracentetic
needle 100 and a normal line (z axis) which is vertical with
respect to the surface (xy surface) 1a of the transducer of the
two-dimensional array probe 1 are initiated. At the step S22,
the tip position P of the paracentetic needle which point 1s
determined at the aforementioned step S11 to 13 1s 1nput,
and at the step S23, a tomographic layer (cross section) CS
1s determined which passes through a straight line L1
connecting the epidermal insertion point PO of the paracen-
tetic needle 100 with the tip position P of the needle and a
normal line which 1s vertical with respect to the surface la
of the transducer. The position relation thereof will be shown
in FIGS. 6A through 6D.

On the tomographic layer SC which 1s determined 1n this
manner, not only the tip of the needle but also the location
toward which the tip of the needle 1s directed can be
constantly grasped even 1n the case where the paracentetic
needle 100 1s bent 1 the midway to be inserted thereinto
(refer to FIG. 6B and 6C).

The position information on the tomographic layer CS
which 1s set by the aforementioned processor 17 1s input 1nto
the display processor 20 as a parameter of the 3D image
display condition under the control of the host CPU 19 with
the result that, for example, as shown 1 FIG. 7, a two-
dimensional tomographic image IM1 which follows the
tomographic 1mage surface CS 1s displayed on the monitor
7 1n real time.

On the two dimensional tomographic image IM1 which 1s
displayed on this monitor 7, the state of the tip of the
paracentetic needle 100 which travels toward the target
(tumor in the example shown in FIG. 7) TA as well as toward
the organs 1nside the object and the main blood vessels, and
the state of the travel direction thereof 1s displayed on the
most appropriate tomographic layer CS. Since this tomo-
ographic layer CS can be variably set 1n real time in such a
manner that the tomographic layer CS includes a straight
line connecting the tip of the needle 100 with the 1nsertion
point by the aforementioned processing for tracing the tip of
the needle and processing for setting the cross section even
in the case where the paracentetic needle 100 1s bent 1n the
midway to change the course of the travel, the operator 1s
capable of navigating the paracentetic needle 100 toward the
target TA while confirming the tip of the needle 100 and the
travel direction thereof without losing sight of the paracen-
tetic needle 100 on the two-dimensional tomographic image
IM1 on the monitor 3.

Consequently, according to this embodiment, the needle
100 can be 1nserted while confirming on a three-dimensional
3D 1mage the position relation between the position of the
tip of the needle 100 and the lesion which constitutes a
paracentisis target with the result that more safe and accurate
paracentisis can be executed.

Incidentally, other signal processing methods or image
processing methods can be applied as well as the cross
correlation method when 1t 1s possible to trace a track of the
movement of the tip of the needle by scanning in three
volumes a region which covers the scope of the inside of the
object where the paracentetic needle 100 1s inserted by using
the echo signal from the paracentetic needle 100.

Next, other examples of the tracing processing of the
paracentetic needle 100 by the application processor 17 are
shown 1n FIGS. 8 to 11.

FIGS. 8A and 8B are views for explaining a processing,
for tracing not only the tip position P of the paracentetlc
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needle 100 but also the position which covers at least part
(including the whole) of the tip position thereof.

In this tracing processing, the transmitter 4 which 1s the
same as described above 1s individually set on each of the
plurality of locations P1, P2, P3, . . . , Pn different from each
other on at least part of the position of the paracentetic
needle 100 as shown 1n FIG. 8 A with the result that signals
transmitted from each of the transmitters 4 . . . 4 at a
mutually different timing or with different signal waveforms
which can be mutually recognized are received with three or
more two-dimensional array probe transducers E1, E2 and
E3 located at mutually different locations in the same
manner as described above with the result that the algorithm
which 1s the same as described above 1s executed from the
difference 1n the signal arrival times up to each of the
elements E1, E2 and E3 to infer the three-dimensional
positions P1, P2 and P3 of each of the transmatters.

For example, in the case of P1 (xP1, yP1, zP1), the
position coordinates P1 can be determined when the signal
arrival times tl, t2 and t3 up to the transducers E1 (x1, y1,
0), E2(x2, y2, 0) and E3(x3, y3, 0) are measured and the
simultaneous equation 1s solved which 1s the same as the
aforementioned mathematical expression 1. In the same
manner, in the case of P2(xP2, yP2, zP2), the position
coordinates can be determined by measuring t21, t22, and
23 respectively. On the other hand, in the case of P3(xP3,
yP3, zP3) the position coordinates can be determined by
measuring t31, t32 and t33 respectively. In the same manner,
the position coordinates after P4 are determined. By the
interpolation between respective points P1, P2, . . ., Pn by
using, for example, a spline function, not only the tip of the
needle but also the three-dimensional position which covers
at least part of the tip thereof can be inferred.

FIGS. 9A and 9B are views for explaining a processing
for inferring the position of the paracentetic needle 100 on
the basis of the strength of the echo signal from the needle.
In this processing for inferring the position of the needle, as
shown 1n FIG. 9A, it 1s possible to infer the position of the
needle by scanning in three volumes the ultrasonic beams
BE from the two-dimensional array probe 1 with respect to
a region which can cover the scope of the 1nside of the object
where the paracentetic needle 100 1s inserted and by exam-
ining one after another the condition under which the echo
signal strength becomes the highest from the paracentetic
needle 100 within the ultrasonic echo signal, for example,
the strength of the echo signal for each of the plurality of the
cross sections A to E constituting the three volume scan as
shown 1n FIG. 9B. In the case of FIG. 9B, since the cross
section which satisfies the condition under which the echo
signal becomes the highest 1s C, 1t 1s possible to infer that the
paracentetic needle 100 exists on this cross section C.

FIGS. 10A and 10B are views for explaining a processing,
for inferring the position of the paracentetic needle 100 on
the basis of the power of the Doppler signal. In this
processing for inferring the position of the needle 100, an
exciter 5 shown 1n FIG. 1 1s attached as a mechanism for
oving a minute vibration to the paracentetic needle 100 as
shown 1n FIG. 10A. It 1s possible to infer the position of the
paracenteic needle 100 by scanning 1n three volumes the
ultrasonic beams BE from the two-dimensional array probe
1 with respect to the region which can cover the scope of the
inside of the object where at least the paracentetic needle
100 1s inserted while giving a minute vibration to the
paracentetic needle 100 by the drive of this exciter §, and by
examining one after another the condition under which the
power of the Doppler signal becomes the highest, for
example, as shown 1n FIG. 10B, the power of the Doppler
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signal for each of the plurality of the cross sections A to E
constituting the three volume scan. In the case of FIG. 10B,
since the cross section which satisfies the condition under
which the power of the Doppler signal becomes the highest
1s C, 1t 1s possible to infer that the paracentetic needle 100
1s present on this cross section C.

FIG. 11 1s a view for explaining a method for tracing the
movement of the tip of the paracentetic needle by using the
cross correlation method. In this method, when, at first, the
paracentetic adapter 101 1s attached on the two-dimensional
array probe 1 and the position relation between the 1nsertion
point of the paracentetic needle 1nto the object and the probe
1 1s fixed, the position where the tip of the paracentsis needle
100 appears at first mnside of the three volume scan of the
ultrasonic beams BE 1s defined 1n one sense. This position 1s
denoted by PO while the time 1s denoted by to. Subsequently,
on the basis of the echo signal from the point PO at time t0
the tip position of the needle at time t=tQAt 1s inferred by
means of the cross correlation method. The point 1s denoted
by P1. Herembelow, in the same manner, the tip positions
P2, P3, . .., Pn of the needle 100 at times t2, t3, . . ., tn are
inferred one after another. By executing the algorithm using
such cross correlation method with the application processor
17, 1t becomes possible to trace the track of the movement
of the tip of the paracentetic needle 100.

Incidentally, other signal processing methods or image
processing methods can be applied as well as the cross
correlation method when 1t 1s possible to trace a track of the
movement of the tip of the needle by scanning in three
volumes a region which covers the scope of the inside of the
object where the paracentetic needle 100 1s inserted by using
the echo signal from the paracentsis needle 100.

Next, other examples of the processing for setting the
cross section CS of the two-dimensional tomographic image
IM1 by the application processor 17 are shown 1 FIGS. 12
to 15 respectively.

The processing for setting the cross section shown in
FIGS. 12A to 12D 1s intended to set on the cross section CS
of the two tomographic image a surface including the three
points, namely, the epidermal isertion point PO of the
paracentetic needle 100, the Up position P thereof, and the
reference point which is regulated in advance, namely, the
center of gravity (center) M of the transducer surface in the
two-dimensional array probe 1. In this case, the two-
dimensional tomographic 1image can be displayed on the
cross section which 1s most appropriate for recognizing the
position relation between the direction in which the tip of the
needle 1s directed and the paracentisis target TA 1n the same
manner as described above. Incidentally, the reference point
may be located on other positions in addition to the center
of gravity of the transducer surface.

The processing for setting the cross section shown in
FIGS. 13A to 13D 1s intended to sample the tip position of
the needle P at a definite time interval by the processing for
tracing the aforementioned paracentetic needle 100 to deter-
mine the position coordinates point, thereby setting on the
cross section CS of the two-dimensional tomographic image
on the basis of a surface which passes through a straight line
recursion line L2 obtained from the position coordinates
point and a normal line (a z axis shown in the drawings)
which 1s vertical with respect to the surface la of the
transducer of the two-dimensional array probe 1. In this
case, too, the two-dimensional tomographic 1mage IM1 can
be displayed on the cross section which 1s most appropriate
for recognizing the position relation between the direction in
which the tip of the paracentetic needle 100 1s directed and
the paracentetic target TA.
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The processing for setting the cross section shown 1n
FIGS. 14A to 14D 1s intended to sample the tip position of
the needle P at a definite time interval by the processing for
trading the aforementioned paracentetic needle 100 to deter-
mine the position coordinates point, thereby setting on the
cross section CS of the two-dimensional tomographic image
on the basis of a surface which passes through the straight
line recursion line 12 obtained from the position coordinates
point and the reference point which 1s regulated 1n advance,
namely, the center of gravity (center) M of the surface 1a of
the transducer of the two-dimensional array probe 1. In this
case, too, In the same manner as described above, 1t 1S
possible to display the two-dimensional tomographic 1image
IM1 on a cross section which 1s most appropriate for
recognizing the position relation between the direction 1n
which the tip of the paracentetic needle 100 1s directed and
the paracentetic target TA. Incidentally, the reference point
may be other locations than the center of gravity of the
surface of the transducer.

FIGS. 15A and 15B are views for explaining a processing
for displaying an 1mage which enables recognition of the
state of the travel of the paracentetic needle 100 which 1s in
a bent state without changing 1n real time the cross section
CS of the two-dimensional tomographic 1mage Im1 which 1s
set 1n advance to grasp the lesion which 1s a target TA 1nside
of the object. In this image display processing, the position
(at least part thereof) of the paracentetic needle 100 which
1s traced as described as shown 1 FIG. 15A 1s displayed so
that the position can be visibly recognized on the screen as
to whether the position of the needle 1s located before or at
the rear side of the cross section CS sandwiching the
position of the cross section CS. In this example, there 1s
shown a method for changing at least one of the color and
the luminance of the paracentetic needle 100 which 1is
displayed on the two-dimensional tomographic image. In
this case, 1t will be more effective when the hue and the gray
scale of the luminance corresponding to the spaced apart
distance 1s set 1n advance so as to enable a visible recogni-
tion of how much the position of the needle is separated
from the cross section particularly as shown 1n FIG. 15B.

Next, as another processing for controlling the 1mage
display by the application processor 17, the processing with
respect to the display control of the three-dimensional
projection 1mage will be shown m FIGS. 16 through 25.

FIG. 16 is a view for explaining the 3D image (three-
dimensional projection image) IM2 in which the tip of the
needle travels from the epidermal insertion point P of the
paracentetic needle 100. In this case, the paracentetic
adapter 101 1s attached and fixed on the two-dimensional
array probe 1, and the direction in which the paracentetic
needle 100 1s guided 1s definite with respect to the two-
dimensional array probe 1. Consequently, the 3D image
IM12 can be displayed on the monitor by controlling the
display processor 20 1n such a manner that the application
processor 17 reconstitutes the 3D volume data on the basis
of the direction 1n which the paracentetic needle 100 1is
ouided.

FIGS. 17A and 17B are views for explaining an example
of a method for displaying a state 1n which this 3D image
IM2 incorporates therein a tomographic image IM3 of a
surface A which 1s vertical with respect to the direction in
which the paracentetic needle 100 travels. FIG. 1 7A shows
an example of the 3D 1mmage IM2 which covers a region
including blood vessels 1nside of the object and the para-
centetic needle 100, and a tomographic 1image IM3 of the
surface A vertical with respect to the progression direction of
the needle 100 which surface 1s displayed 1n a state 1n which
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the surface 1A 1s mcorporated 1n this 3D image IM2. FIG.
17B shows the position of the tomographic image IMJ3 of the
surface A which 1s observed on the two-dimensional tomo-
graphic image IM2 of the cross section set 1n the aforemen-
tioned processing for setting the cross section. It 1s possible
to display this two-dimensional tomographic image IM1 and
the 3D 1image IM2 at the same time on the monitor 3. As a
consequence, 1t becomes possible to navigate the paracen-
tetic needle 100 while observing an 1image which 1s more
excellent 1n visibility.

FIGS. 18A and 18B are views for explaining one example
of a method for selecting the tomographic 1mage IM3 of the
surface A vertical with respect to the paracentetic needle 100
shown 1n FIG. 17. In this case, the tomographic image IM3
of the selected surface 1s incorporated into the 3D 1mage
IM2 shown 1n FIG. 18B when the operator arbitrarily selects
a plurality of surfaces A, B and C vertical with respect to the
ax1s along the axis of the direction 1n which the paracentetic
needle 100 travels on the two-dimensional tomographic
image 1 Ml shown 1n FIG. 18A.

FIG. 19A and 19B show a display example in the case
where the position of the tomographic image IMJ3 in the 3D
image IM2 shown 1n FIGS. 17 and 18 1s set on a surface
which 1s vertical with respect to the direction in which the
paracentetic needle travels and which passes through the
target TA. In this case, 1t 1s possible to navigate the para-
centetic needle 1n the state mm which the target TA 1s
constantly caught within the 3D 1mage IM2.

FIGS. 20A through 20D show one example of a method
for displaying the tomographic image IM3 on the surface A
passing through the tip position of the needle following the
movement of the needle. In this case, the vertical surface A
passing through the tip position P (refer to FIG. 20A, 20B
and 20C) of the paracentetic needle at times t1, t2 and t3 is
variably set following the movement of the tip of the needle,
and the tomographic image IM3 of the surface A1s displayed
(refer to FIG. 20D).

FIG. 21 shows a display example of the 3D image IM2 at
the boundary surface which covers a region mcluding the
running of blood vessels 1nside of the object, the lesion
which constitutes the target TA, and the paracentetic needle
100.

FIG. 22 shows an example in which the 3D 1image IM2,
the two-dimensional tomographic image IM1 of the cross
section which 1s set 1n the aforementioned processing for
setting the cross section are arranged on the same monitor 3.

Next, an example of a processing for displaying a marker
which processing 1s appropriate for the display of images
such as the aforementioned 3D 1mages 1s shown 1n FIGS. 23
to 25.

FIG. 23 1s a view for explaining an example of the marker
display in which the position relation or the like of the
mutual cross section can be recognized on the image in the
display examples of the images IM1 and IM2 shown 1n FIG.
22. For example, 1n the two-dimensional tomographic image
IM1, a marker A showing the travel of the needle, a marker
B showing the position corresponding to the cross section of
the tomographic image IM1 incorporated in the 3D 1mage
IM2 can be displayed in the two-dimensional tomographic
image IM1, and a marker C showing the position corre-
sponding to the cross section of the two-dimensional tomo-
ographic 1mage can be displayed in the 3D 1mage IM2.

FIGS. 24A to 24B are views for explaining an example of
the marker display 1in which the vertical and the horizontal
directions of the 3D 1mage IM2 and the position relation of
the object as seen from the epidermis can be grasped on the
image. In this case, in the position relation between the
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arrangement of the transducer and the paracentetic adapter
101 at the time of observing the probe 1 shown 1n FIGS. 24A
and 24C, a marker D showing the epidermal msertion point
of the paracentetic needle 100 shown 1n Figs.24B and 24D
and a marker E showing a straight line (for example,
corresponding to one of the axes in the two-dimensional
arrangement direction of the transducer) connecting the
epidermal 1nsertion point with a reference point on the probe
1 which 1s determined 1n advance are displayed in the 3D
image IM2.

FIGS. 25A and 25B show an example in which an
instrument which enables the recognition of the vertical and
the horizontal direction (east, west, south and north), for
example, a rotatable cross-shaped instrument 101a which
becomes a marker of the direction 1s attached on the side of
the 1nsertion operation of the paracentetic needle 100 in the
paracentetic adapter 101 so that a marker F taking after the
form of the instrument 101a 1s displayed by allowing the
attachment direction of the instrument 1014 to correspond to
the position relation of the image. In this case, the structure
1s such that the rotation position information of the cross-
shaped instrument 101a can be recognized by the applica-
tion processor 17 within the system main body via the
paracentetic adapter 101. When the cross-shaped instrument
101a 1s rotated with the hand by the operator as shown 1n
FIG. 25A, the marker F 1s rotated 1n accordance with the
rotation amount of the instrument and can be displayed as
shown 1n FIG. 25B.

Incidentally, 1t goes without saying that each of other
examples 1n the aforementioned embodiments can be
embodied singly or 1n an appropriate combination thereof
within the scope of the present invention. One example will
be explained herembelow.

In the beginning, at the time of starting the ultrasonic
paracentisis, 3D data including the B mode information and
information on the blood flow 1s obtained by the execution
of the three-dimensional volume scan by means of the
ultrasonic diagnosis apparatus, the processing (refer to
FIGS. 3, 4, 8 through 11) for tracing the paracentetic needle
100 by the application processor 17, and the processing,
(refer to FIGS. §, 6, 12 through 15) for setting the most
appropriate cross section CS using the result of the tracing,
processing are performed with the result that the two-
dimensional tomographic image IM1 (refer to FIGS. 7, 17B,
18A, 19A, 20A through 20C or the like) based on the B
mode 3D mformation on the most appropriate cross section
CS which 1s set 1in the aforementioned processing 1s
displayed, for example, on the monitor in real time.

Along with this, the three-dimensional projection image
IM1 (refer to FIG. 1 7A and FIG. 21 or the like) of blood
vessels, the paraentetic needle, the target or the like 1s
constituted in the case of observing the target (such as tumor,
lesion and the like) TA from the paracentetic direction of the
paracentetic needle 100 1n other 3D 1mage processings by
the application processor 17 on the basis of the aforemen-
tioned 3D data in another 3D 1mage processing by the
application processor 17 on the basis of the aforementioned
3D data (refer to FIG. 16). Then, the projection image is
displayed on the monitor at the same time with the afore-
mentioned two-dimensional tomographic image IM1 (refer
to FIG. 22).

The 3D image processing in this case includes the pro-
cessing of synthesizing the 3D image of the paracentetic
needle 100 obtained 1n the aforementioned tracing process-
ing or the like, the 3D 1mage of the blood vessels obtained
from the Doppler marker 200 1s observed, in the case where
the paracentetic needle 100 1s bent in the midway, and the
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direction of the tip of the needle 1s deviated from the target
TA, 1t 1s possible to easily find where the tip of the needle
attains when the needle 1s inserted as 1t 1s.

Incidentally, in the aforementioned embodiments and
other embodiments, the structure i1s such that the paracen-
tetic adapter 101 for inserting the paracentetic needle 100 1s
attached on the ultrasonic probe 1 and the direction (angle)
for guiding the paracentetic needle 100 1s fixed. However,
the present mnvention 1s not limited thereto. For example, a
structure can be adopted in which a rotation mechanism or
the like 1s added in which the angle of the paracentetic
adapter 101 can be arbitrarily changed automatically or by
the hand with respect to the ultrasonic probe 1 thereby
making it possible to change the angle of the paracentetic
needle 100 when required. In this case, information on the
angle of the paracentetic needle 1s preferably input to the
side of the system main body 2 from the side of the
paracentetic adapter 101.

In this case, as shown in FIG. 19B, the 2D tomographic
image IM3 on the vertical cross section A passing through
the lesion TA 1s overlapped with and displayed in the 3D
projection 1mage IM2 of the paracentetic needle 100 and the
blood wvessels, or as shown 1n FIGS. 17 or 18, the 2D
tomographic 1mage IM3 on the vertical cross section A
passing through the tip part of the paracenteic needle 100 1s
overlapped with and displayed in the 3D projection image

IM2.

Furthermore, 1n the form of the aforementioned embodi-
ment or other embodiments, as additional information for
navigating the paracentetic needle 100, 1t 1s possible to
display a marker 200 along a line connecting the tip of the
paracentetic needle 100 and the travel direction thereof a
shown i FIGS. 26A and 26B. When the marker 200 1s
observed, 1n the case where the paracentetic needle 100 1s
bent 1n the midway, and the direction of the tip of the needle
1s deviated from the target TA, it 1s possible to easily find
where the tip of the needle attains when the needle 1s
inserted as 1t 1s.

Incidentally, in the aforementioned embodiments and
other embodiments, the structure 1s such that the paracen-
tetic adapter 101 for inserting the paracentetic needle 100 1s
attached on the ultrasonic probe 1 and the direction (angle)
for guiding the paracentisis needle 100 1s fixed. However,
the present mnvention 1s not limited thereto. For example, a
structure can be adopted in which a rotation mechanism or
the like 1s added in which the angle of the paracentetic
adapter 101 can be arbitrarily changed automatically or by
the hand with respect to the ultrasonic probe 1 thereby
making it possible to change the angle of the paracentetic
needle 100 when required. In this case, information on the
angle of the paracentetic needle 1s preferably input to the
side of the system main body 2 from the side of the
paracentetic adapter 101.

What 1s claimed 1s:

1. An ultrasonic diagnosis apparatus comprising:

a plurality of ultrasonic transducers arranged two-
dimensionally, the ultrasonic transducers transmitting
ultrasonic beams to a object being examined and
recewving ultrasonic echo signals reflected by the
object;

means for obtaining the ultrasonic echo signals from the
ultrasonic transducers by three-dimensionally scanning
a target of the object with each of said ultrasonic
beams;

means for generating 1n real time three-dimensional data
with respect to at least one of structure imnformation and
blood flow information 1n said object on a basis of the
ultrasonic echo signals;
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means for generating i1n real time i1mage information
including at least one of a two-dimensional tomo-
oraphic 1mage and a three-dimensional projection
image on a basis of the three-dimensional data; and

means for displaying navigation information for navigat-
ing a puncture needle toward the target of the object on
a basis of the image information,

wherem said displaying means comprises:
tracing means for detecting a position at each move-
ment of the puncture needle 1nserted 1nto the afore-
mentioned object thereby tracing a track of the
movement of the puncture needle, and
means for changing in real time an i1mage display
condition so that a travel state of the puncture needle
toward the target within said object can be recog-
nized 1 said 1image, and
whereln said tracing means comprises:
a signal generator provided at a tip part of the
puncture needle,
means for receiving individually a transmission sig-
nal with at least three ultrasonic transducers out of
said plurality of ultrasonic transducers, and
means for mferring a position of the tip part of the
puncture needle where said signal generator is
provided on a basis of a difference 1n respective
arrival times of respective received signals.

2. The ultrasonic diagnosis apparatus according to claim
1, wherein said image display condition includes a condition
for displaying together a two-dimensional tomographic
image ol an arbitrary cross section inside of said object and
a three-dimensional projection 1mage projected along a
direction which 1s along a line connecting an insertion point
and the tip of the puncture needle.

3. The ultrasonic diagnosis apparatus according to claim
2, wherein said image display condition includes a condition
for displaying in said three-dimensional projection image a
tomographic 1image of a cross section vertical with respect to
the travel direction of said paracentetic needle.

4. The ultrasonic diagnosis apparatus according to claim
3, further comprising a first marker display means for
displaying a marker on at least one of said two-dimensional
tomographic 1mage and the three-dimensional projection
Image.

5. The ultrasonic diagnosis apparatus according to claim
4, wherein first marker display means comprises means for
displaying a marker showing the position of the cross
section of the tomographic 1mage 1n said three-dimensional
projection 1mage 1n said two-dimensional tomographic
image.

6. The ultrasonic diagnosis apparatus according to claim
4, wherein said first marker display means comprises means
for displaying a marker showing the position of the cross
section of said two-dimensional tomographic 1mage 1n said
three-dimensional projection image.

7. An ultrasonic diagnosis apparatus comprising:

a plurality of ultrasonic transducers arranged two-
dimensionally, the ultrasonic transducers transmitting,
ultrasonic beams to a object bemg examined and
receiving ultrasonic echo signals reflected by the
object;

means for obtaining the ultrasonic echo signals from the
ultrasonic transducers by three-dimensionally scanning

a target of the object with each of said ultrasonic
beams;

means for generating in real time three-dimensional data
with respect to at least one of structure information and
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blood flow 1nformation 1n said object on a basis of the
ultrasonic echo signals;

means for generating 1n real time 1mage information
including at least one of a two-dimensional tomo-
oraphic 1mage and a three-dimensional projection
image on a basis of the three-dimensional data; and

means for displaying navigation information for navigat-
ing a puncture needle toward the target of the object on
a basis of the 1mage information;

wherein said displaying means comprises:

tracing means for detecting a position at each move-
ment of the puncture needle 1nserted into the afore-
mentioned object thereby tracing a track of the
movement of the puncture needle, and

means for changing in real time an 1mage display
condition so that a travel state of the puncture needle
toward the target within said object can be recog-
nized 1 said 1mage,

wherein said tracing means COmprises:

a plurality of signal generators provided at a plurality
of different locations on the puncture needle and
coniligured to generate at least one of a signal with
different signal waveforms which can be mutually
recognized and a signal at mutually different trans-
mission timings,

means for receiving individually transmission sig-
nals from each of the signal generators with at
least three ultrasonic transducers of the plurality of
the ultrasonic transducers, and

means for inferring positions of the plurality of
different locations of the signal generators on the
puncture needle on a basis of the respective signal
arrival times of respective signals received by the
receiving means.

8. An ultrasonic diagnosis apparatus comprising:

a plurality of ultrasonic transducers arranged two-
dimensionally, the ultrasonic transducers transmitting
ultrasonic beams to a object being examined and
recewving ultrasonic echo signals reflected by the
object;

means for obtaining the ultrasonic echo signals from the
ultrasonic transducers by three-dimensionally scanning
a target of the object with each of said ultrasonic
beams:

means for generating 1n real time three-dimensional data
with respect to at least one of structure imnformation and
blood flow 1information 1n said object on a basis of the
ultrasonic echo signals;

means for generating 1n real time 1mage information
including at least one of a two-dimensional tomo-
oraphic 1mage and a three-dimensional projection
image on a basis of the three-dimensional data; and

means for displaying navigation information for navigat-
ing a puncture needle toward the target of the object on
a basis of the 1mage iformation,

wherein said displaying means comprises:

tracing means for detecting a position at each move-
ment of the puncture needle 1nserted into the afore-
mentioned object thereby tracing a track of the
movement of the puncture needle, and

means for changing in real time an 1mage display
condition so that a travel state of the puncture needle
toward the target within said object can be recog-
nized 1n said 1mage,

wherein said 1image display condition includes a con-
dition for displaying a two-dimensional tomographic
image, and
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wherein said two-dimensional tomographic 1image 1s a
two-dimensional tomographic image of a cross sec-
tion whose position 1s based on a tip position of the
puncture needle and a moving direction 1s deter-
mined on a basis of tip positions of the puncture
needle.

9. The ultrasonic diagnosis apparatus according to claim
8, wherein said cross section 15 a cross section which passes
through the position of the tip of said puncture needle and a
straight line along a travel direction of the puncture needle.

10. The ultrasonic diagnosis apparatus according to claim
8, wherein said cross section 1s a cross section which passes
through a straight line connecting an epidermal insertion
point of said puncture needle 1mnto an i1nside of said object
and the position of the tip of said puncture needle.

11. The ultrasonic diagnosis apparatus according to claim
8, wherein said cross section 1S a cross section which
includes an 1nsertion point of said puncture needle into said

object, the position of the tip of the puncture needle, and a
reference point which 1s regulated 1 advance.

12. The ultrasonic diagnosis apparatus according to claim
11, wherein said reference point 1s a center of gravity of the
arrangement surface of said ultrasonic transducers.

13. The ultrasonic diagnosis apparatus according to claim
8, wherein said cross section 15 a cross section which passes
through a straight line recursion line obtained from the
position of the tip of said puncture needle and a normal line
with respect to an arrangement surface of said ultrasonic
transducers.

14. The ultrasonic diagnosis apparatus according to claim
8, wherein said cross section 1S a cross section which
includes a straight line recursion line obtained from the track
of the position of the tip of said puncture needle and a
reference point which is regulated 1n advance.

15. The ultrasonic diagnosis apparatus according to claim
14, wherein said reference point 1s the center of gravity of
the arrangement surface of said ultrasonic transducer.

16. An ultrasonic diagnosis apparatus comprising:

a plurality of ultrasonic transducers arranged two-
dimensionally, the ultrasonic transducers transmitting
ultrasonic beams to a object bemg examined and
receiving ultrasonic echo signals reflected by the
object;

means for obtaining the ultrasonic echo signals from the
ultrasonic transducers by three-dimensionally scanning
a target of the object with each of said ultrasonic
beams;

means for generating 1n real time three-dimensional data
with respect to at least one of structure mformation and
blood flow information i1n said object on a basis of the
ultrasonic echo signals;
means for generating i1n real time 1mage information
including at least one of a two-dimensional tomo-
oraphic 1mage and a three-dimensional projection
image on a basis of the three-dimensional data; and
means for displaying navigation information for navigat-
ing a puncture needle toward the target of the object on
a basis of the 1mage information,
wherein said displaying means comprises:
tracing means for detecting a position at each move-
ment of the puncture needle 1nserted 1nto the afore-
mentioned object thereby tracing a track of the
movement of the puncture needle, and
means for changing in real time an 1mage display
condition so that a travel state of the puncture needle
toward the target within said object can be recog-
nized 1n said image,
wherein said 1mage display condition includes a con-
dition for displaying a two-dimensional tomographic
image,
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wherein said two-dimensional tomographic image 1s a
two-dimensional tomographic 1mage of a cross sec-
tion whose position 1s based on a tip position of the
puncture needle and a moving direction determined
on a basis of tip positions of the puncture needle;

said apparatus further comprising;:
display means which visibly displays on said two-

dimensional 1mage the position of the puncture
needle as separated from said cross section.

17. The ultrasonic diagnosis according to claim 16,
wherein said display means comprises:

means for displaying on said two-dimensional tomo-
graphic image said puncture needle by changing at least
onc of a color and a luminance so that both sides

sandwiching said cross section are 1ndividually recog-
nized on said two-dimensional 1mage.

18. The ultrasonic diagnosis apparatus according to claim
17, wherein said display means comprises:

means for displaying on said two-dimensional tomo-

ographic 1mage said puncture needle by changing at least
one of a color and a luminance so that a distance
separated from said cross section 1s recognized on said
two-dimensional 1mage.

19. An ultrasonic diagnosis apparatus comprising:

a plurality of ultrasonic transducers arranged two-
dimensionally, the ultrasonic transducers transmitting
ultrasonic beams to a object being examined and
receiving ultrasonic echo signals reflected by the
object;

means for obtaining the ultrasonic echo signals from the
ultrasonic transducers by three-dimensionally scanning
a target of the object with each of said ultrasonic
beams:

means for generating 1n real time three-dimensional data
with respect to at least one of structure imnformation and
blood flow information 1n said object on a basis of the
ultrasonic echo signals;

means for generating 1n real time image information
including at least one of a two-dimensional tomo-
oraphic 1mage and a three-dimensional projection
image on a basis of the three-dimensional data; and

means for displaying navigation information for navigat-
ing a puncture needle toward the target of the object on
a basis of the 1mage iformation,

wherein said displaying means comprises:
tracing means for detecting a position at each move-

ment of the puncture needle 1nserted into the afore-
mentioned object thereby tracing a track of the
movement of the puncture needle, and

means for changing 1n real time an 1mage display
condition so that a travel state of the puncture needle
toward the target within said object can be recog-
nized 1n said 1mage,

wherein said 1image display condition includes a con-
dition for displaying a two-dimensional tomographic
image,

wherein said two-dimensional tomographic 1mage 1s a
two-dimensional tomographic 1mage of a cress sec-
tion whose position 1s based on a tip position of the
puncture needle and a moving direction 1s deter-
mined on a basis of tip positions of the puncture
needle, and

wherein said 1mage display condition includes a con-
dition for displaying a three-dimensional projection
image projected along a direction which 1s along a
line connecting an 1nsertion point and the tip of the
puncture needle.
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20. The ultrasonic diagnosis apparatus according to claim
19, wherein said image display condition mncludes a condi-
tion for displaying in said three-dimensional projection
image a tomographic 1mage of a cross section vertical with
respect to a travel direction of said puncture needle.

21. The ultrasonic diagnosis apparatus according to claim
20, wherein said tomographic image 1s a tomographic 1image
of a cross section at a plurality of mutually different loca-
tions which are constituted so that a cross-sectional tomo-
oraphic 1mage can be arbitrarily selected along the travel
direction of said puncture needle.

22. The ultrasonic diagnosis apparatus according to claim
20, wherein said tomographic image 1s a tomographic 1image
of a cross section which passes through said target.

23. The ultrasonic diagnosis apparatus according to claim
20, wherein said tomographic image 1s a tomographic 1image
of a cross section which 1s constituted so as to follow a
movement of the tip position of said puncture needle.

24. The ultrasonic diagnosis apparatus according to claim
19, wherein said three-dimensional projection image dis-
plays at least one of a running of blood vessels 1nside of said
object, the target, and said puncture needle.

25. The ultrasonic diagnosis apparatus according to claim
19, further comprising;:

a second marker display means for displaying on said

three-dimensional projection 1mage a marker showing,

a correspondence of a mutual position relation between

a direction of two axes which forms two-dimensional

planes of said three-dimensional projection 1image and

a state 1n which the object 1s observed from the epi-
dermis thereof.

26. The ultrasonic diagnosis apparatus according to claim

25, wherein said second marker display means comprises:

means for displaying on said three-dimensional projection

image a marker connecting an epidermal insertion point

of said puncture needle with a reference point which 1s

set 1n advance on said plurality of ultrasonic beams
transducers.

27. The ultrasonic diagnosis apparatus according to claim

25, wherein said second marker display means comprises:

an mstrument for direction instruction which 1s rotatably
attached 1n the vicinity of the insertion point of said
puncture needle and which allows recognition of the
attachment direction thereof; and

means for displaying a marker set in accordance with the
instrument by corresponding a mutual position relation
between an attachment direction of the instrument and
said three-dimensional projection 1mage.

28. The ultrasonic diagnosis apparatus according to claim

19:

wherein said three-dimensional projection image includes
a three-dimensional projection 1image of blood vessels,
a three-dimensional projection image of the puncture
needle, and a B mode tomographic image of a lesion
which 1s selected as the target.

29. The ultrasonic diagnosis apparatus according to claim
19, wherein said three-dimensional projection i1mage
includes a three-dimensional projection image of blood
vessels, a three-dimensional projection 1mage of the punc-
ture needle, and a B mode three-dimensional 1mage of a
lesion which 1s selected as the target.

30. The ultrasonic diagnosis apparatus according to claim
19, wherein said three-dimensional projection i1mage
includes a three-dimensional projection 1mage of blood
vessels, a three-dimensional projection 1mage of the punc-
ture needle, a B mode three-dimensional 1mage of a lesion
which 1s selected as the target, and B mode puncture 1image
of a tip part of the puncture needle.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,336,899 B1 Page 1 of 3
DATED : January 8, 2002
INVENTOR(S) : Nobuo Yamazaki

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

Column 17,

Line 38, change, "a" to -- an --;

Line 49 through line 50, change, "real time 1mage information including at least one
of" to --real time on a basis of the three dimensional data --;

Line 51 through 52, delete, "and a three-dimensional projection image on a basis of the
three-dimensional data";

Line 54 through line 55, delete, "toward the target of the object on a basis of the image
information”;

Line 57, delete, "tracing”,

Line 58 through line 60, change, "into the atorementioned object thereby tracing a
track of the movement ot the puncture needle, and" to --1nto the object, and;--;

Column 17, line 61 through Column 18, line 3,

Delete, "an 1image display condition so that a travel state of the puncture needle toward
the target within said object can be recognized 1n said 1image, wherein said 1image
display condition includes a condition for displaying a two-dimensional tomographic
image, and wherein said two-dimensional tomographic 1mage 18 a two-dimensional
tomographic 1mage of a cross section whose position 1s based on a tip position of the
puncture needle and a moving direction 18 determined on a basis of tip".

Column 18,

Line 5, change, "positions” to -- a position of the two-dimensional

tomographic 1image based on the position --;

Line 39, change "a" to -- an --;

Lines 49 through 50, change "real time 1mage information including at least one

of" to --real time on a basis of the three-dimensional data”;

Line 52 through line 53, delete "and a three-dimensional projection image on a basis of
the three-dimensional data”;

Line 55 through line 56, delete "toward the target of the object on a basis of the 1mage
information”

Line 57, change "displaying" to -- display --;

Line 358, delete "tracing”

Line 59 through line 61, change "into the atforementioned object thereby tracing a track
of the movement of the puncture needle, and” to -- 1into the object; and --;

Line 62 through 67, delete "an 1image display condition so that a travel state of the
puncture needle toward the target within said object can be recognized 1n said 1mage,
wherein said image display condition includes a condition for displaying a two-

dimensional tomographic 1image,";
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DATED : January 8, 2002
INVENTOR(S) : Nobuo Yamazaki

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

Column 19,

Line 1 through line 5, change "wherein said two-dimensional tomographic image 1s a
two-dimensional tomographic 1mage of a cross section whose position 1s based on a tip
position of the puncture needle and a moving direction determined on a basis of tip
positions of the puncture needle;" to -- a position of the two-dimensional tomographic
image based on the positions of the puncture needle; --;

Line 7, change "displaying" to -- display --;

Line 9, change "said cross section.” to -- a cross section whose position 1s based on a tip
position of the puncture needle. --;

Line 27, change "a" to "--an- ";

Line 38 through line 40, delete "1image information including at least one of a
two-dimensional tomographic image and";

Line 43 through line 44, delete "toward the target of the object on a basis of the image
information”;

Line 45, change "displaying" to -- display --;

Line 46, delete "tracing”;

Line 47 through line 48, delete "atorementioned”;

Line 48 through line 49, delete "thereby tracing a track of the movement of the puncture
needle,";

Lines 50 through line 62, delete "means for changing 1n real time an 1image display
condition so that a travel state of the puncture needle toward the target within said
object can be recognized 1n said image, wherein said image display condition includes

a condition for displaying a two-dimensional tomographic image, wherein said two-
dimensional tomographic 1image 1s a two-dimensional tomographic image of a cress
section whose position 1s based on a tip position of the puncture needle and a moving
direction 18 determined on a basis of tip positions of the puncture needle, and”

Line 63 through line 64, delete "for displaying” and insert -- means for displaying in real
fime --;

Line 65, delete "a direction which 1s along a line connecting an msertion point and the
tip of the puncture needle" and 1nsert -- a moving direction determined on a basis of the

position of the puncture needle, --; and
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Column 20,
Lines 2 through 3, delete "tmage display condition includes a condition means" and
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